ABSTRACT Five hundred and fifteen men newly attending chest clinics in coalmining areas of England and Wales were entered into a study of the risk of irregular opacities on the chest radiograph in relation to occupation; readable radiographs were received for 489. The men completed questionnaires on occupational and smoking history and the radiographs were read for irregular opacities by the collaborating chest physicians and by a panel of three readers using the ILO 1980 classification. Older men had more irregular opacities than younger men, but coalworkers had a significant excess risk of nearly three times of having irregular opacities, which remained after stratifying for smoking and age. Lung cancer was evident on 14% of the radiographs and was significantly less common in coalworkers than non-coalworkers. The findings are consistent with a causal association between coalwork exposure and irregular opacities. Other evidence suggests that these opacities are associated with emphysema in coalworkers.
The textbook description of the radiological appearances in simple coalworkers' pneumoconiosis is of small rounded opacities scattered through the lungs.'
Their profusion has not, in general, been found to be related to reductions in lung function. 2 Recently, it has been reported that irregular opacities on the chest radiograph of coalworkers are associated with emphysema36 and with reductions in lung function.3 5 7 It could be argued, however, that these opacities have nothing to do with coalwork and represent some non-occupational process superimposed on coalworkers' pneumoconiosis. There is evidence that irregular opacities are related to coalwork exposure, both in terms of years of underground work8 and, more directly, as total lifetime coaldust exposure. 9 On the other hand, it has been suggested that, even among coalworkers, the irregular opacities are mainly associated with smoking'0 and they have been described in smokers with no known occupational exposure to dust." The profusion of opacities in the latter study" 1 seems to have been low (probably category I or less) but the radiographs were not read using an ILO classification.'2 13 *Present address: Occupational Health Unit, Royal Free Hospital, Pond Street, London NW3 2QG.
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The aim of the present study was to establish whether coalworkers have an increased risk of radiological irregular opacities. Cases After entry had been completed, all the duplicate radiographs were collected and read as a single series in random order, with identifying marks obscured, by three experienced readers using the 1980 ILO Classification of Radiographs.13 When recording the comment "other disease" in regard to a film, the readers were asked to elaborate further, if possible. The readings of the three readers for shape of small opacities were combined to produce an irregularity score (range 0-9) indicating increasing degree of irregularity of the opacities. The method of obtaining the irregularity score has been described in detail.7 Overall profusion of small opacities was taken as the median of the profusions recorded by the three readers.
Cases were those men "with irregular opacities" on the chest radiograph. For the purposes of this study with irregular opacities was taken as being equivalent to category 2 or more profusion of small opacities, with an irregularity score of 6 or more-that is, mainly irregular opacities. Case-referent analysis was performed to determine whether there was an excess of men with a history of coalwork exposure among the cases compared with the referents (all men without irregular opacities as defined above). Age and smoking habits were taken into account by stratification. Relative risk was estimated, and the significance of associations was tested, using the Mantel-Haenszel procedure'4 and the Mantel extension of this procedure."5
Results
Of the 515 men entered into the study, radiographs were received for 491 and these formed the study group. A total of 189 of the men were, or had been, coalworkers. The proportion of coalworkers varied considerably between centres. Two of the radiographs were considered "unreadable" by all three readers because of poor film quality and therefore only 489 radiographs were included for further analysis.
The panel of three readers identified a total of 19 "cases" of irregular opacities. Coalworkers were significantly more likely than non-coalworkers to be cases of irregular opacities (relative risk 2-72, 95% confidence intervals 1-13-6-55) (table 1). A slightly higher proportion of coalworkers than noncoalworkers were current smokers (RR 1 06, 90% CI 1-002-1 12) (table 2), but among smokers the coalworkers smoked significantly less than the noncoalworkers (x2 = 4-67, p < 0-05, table 2). The tendency for an increased relative risk of irregular opacities in coalworkers was found in all smoking categories (combined x2 3-3, RR 2A4, 90% CI 1 09-5-29) (table 2) .
When the data were stratified by age, the same tendency for increased relative risk of irregular opacities in coalworkers was present in all age decades (combined x2 4.7, RR 2 64, 95% CI 1 1-6 3) (table 3). Men over 60 were more likely than younger men to have irregular opacities. This was true overall (x2 5 27) and taking coalworkers (x2 4 16) and, to a lesser extent, non-coalworkers (%2 1 28) separately (table 3) . Superimposed on this effect of age was that of occupation; c) ). In other words, the chest physicians "missed" fewer irregular opacities in non-coalworkers, but they also "overread" more irregular opacities in noncoalworkers. Case-referent analysis using the chest physicians' readings of irregular opacities showed a significantly increased relative risk of irregular opacities in coalworkers (RR 2A45, 95% CI 1-58-3-79) ( 
Discussion
The frequency of chest radiograph abnormalities in men attending chest clinics would be expected to be high. Nevertheless, the background frequency of irregular opacities (category 2/0 or above profusion, irregularity score 6 or above) among non-coalworkers in this study was only 2 3%. A recent study of a working population not exposed to dusts also found a low prevalence of small opacities, both rounded and irregular, of profusion greater than category 1/0.16 Superimposed on this background frequency among non-coalworkers, the present study shows an excess relative risk of nearly three times of irregular opacities Cockcroft, Andersson among coalworkers compared with other men attending chest clinics for the first time. This is consistent with the suggestion that they are related to coalwork exposure.8 9 Previous studies have reported that irregular opacities in coalworkers are more common in smokers and older men. 7 8 In the present study we are unable to show an association between smoking and irregular opacities (table 2) either overall or in coalworkers or non-coalworkers separately, possibly due to the small Radiological irregular opacities and coalwork exposure: a case referent study numbers of cases and of non-smokers. The effect of age was confirmed but, in addition, the oldest decade showed the strongest association between coalwork and irregular opacities. This is consistent with the hypothesis that coalwork exposure, the duration of which is strongly linked to age, is a factor in producing irregular opacities in coalworkers in addition to a general age effect, which is also present in noncoalworkers. The pattern of smoking habits in coalworkers and non-coalworkers found (more smokers but less heavy smokers among coalworkers) agrees with the findings of previous studies. '7 -19 It is perhaps not surprising that the readings of the chest physicians of irregular opacities on the radiographs did not correspond well with the cases of irregular opacities identified from the readings of the panel of three. The chest physicians were asked to state simply whether irregular opacities were present or not, without using any particular scheme of classification. They identified more radiographs as having irregular opacities than were identified as cases from the panel readings. This effect was similar in the noncoalworkers (45 v 7) and the coalworkers (58 v 12). Despite these differences, when the chest physicians' readings for irregular opacities were used there was a significant excess relative risk in coalworkers. The physicians may not have been able to read the radiograph without knowledge of the man's occupation in every case but they would probably have expected rounded rather than irregular opacities on a radiograph known to be that of a coalworker.
In some instances the readers noted that it was difficult to read for parenchymal shadows when severe abnormalities were present-for example, obscuring one lung. There was nothing to suggest that these difficult radiographs were spread unevenly between coalworkers and non-coalworkers ( 
